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To search for new physics beyond the standard model (SM) is an important problem of particle physics. We 
consider three attracti¥'e candidates for new physics. Supersymmetry (SUSY). Grand Unified Theory (GUT) and the 
seesaw mechanism. In this framework the hierarchy problem of the SM can be solved by SUSY. AII gauge groups of 
 the SM are embedded to a GUT .*･aug*e g*roup. Indeed. all three gauge couplings of' the- SM meet at M(,t'l ) 2 X lO 
GeV in the minimal supersymlnetric standard nlodel (MSSM). Finally small neutrino masses. suggested by neutrino 
experiments such as the SuperKamiokande, can be explained by the seesaw Inechanis m. 
In this' doctoral thesis. CP violations in the K meson system are studied in supersymmetric SU(5) model with 
right-handed neutrinos. In this scheme there are new physical phases and they can induce CP violation in the K 
meson system. We find that ~:~ can be affected by these phases significantly ¥~'hile SUSY effects to K, - JT ~ ~ and 






~n this thesis we consider MSSM case. In this model quarks and leptons have their superpartner, squarks and 
sleptons respectively. In the realisiic wo~~Id, supersymmetry must be broken since we have not discovered any 
superpartner of the SM particles. Hence we introduce soft SUSY breaking parameters. In general. SUSY breaking 
mass parameters of scalars are 3 X3 hermit matrices. However, off-diag-onal eiements of these matrices are 
constrained severely by low energy experiments since they can induce large flavor chang*ing neutral current (FCNC) 
and CP violation. For example, (1.2) component of squark mass matrix is constrained by the kaon mass difference 
~~ mK. This constraint sugF*~est that a ratio of the (1.2) componem and averaged squark mass should be smaller than 
O (lO~s) for squarks with 500 GeV mass. Therefore it is usually considered that these off-dia_o*onal elements are very 
SITI a I I . 
We usually think thai Soft SUSY breaking scaiar mass matrices are _*(Tenerated such that they are proportional to the 
unit matrix and SUSY contributions to FCNC processes are suppressed. However no symmetry guarantees the 
structure of sca]ar mass matrices. If SUSY breaking parameters are generated above scales of flavor violation (e.g. 
the ri*,)*ht-handed neutrino scaie or the GUT scale), off-dia_O*onal elements of sfermion mass matrices are _a*enerated 
by renormalization group effects regardless of the scale of fTavor violation. In this thesis we consider supergravity 
model where SUSY breaking* parameters are induced at the Planck scale Mp! ~ 2.4 X 101X GeV. 
In the MSSM with the right-handed neutrinos, we can rotate phases of fields Q. U(L Dc. L. E(' and N to absorb 
unphysicai phases. When these fields are embedded to the GUT multiplets. however, we can rotate only lO. 5 and N 
phases. Hence new phases appear through illteractions wlth the colored Hig~s bosons. We focus on the new phases 
a ~ *. ~ 
in neutrino Yukawa couplin_cr*s. Y,~' = Y,¥= VLeL. Here Y,,, is a real diagonal matrix. V/_ is reiated to the MNS matrix. 
In this model the phase matrix(~ - diacr(ei"'!'[i ei'p' e "~ ') plays an important roie Interactions among the riclht . *L _ , , _'L]. *~*'L _ . . ,. _ 
handed neutrinos, down-type s_quark~_ and the co{ored Hig_~:s generate off diagonai elements of down-type squark 
cL) (L) 
mass matrix as [T~r~~]ij - ~'3m2ei(~f ~'Pj ) ~]ky~~[VL]i~[VL']jkln~~~~~!~~f~~~Mpl ' Here m{} is a tree level scaiar mass parameter. 
(1.2) component of this matrix can induce CP violation in the K meson system. 
Here we show numerical results. First we show the SUSY contributions to cK. We fix the wino mass to be 150 
GeV and change the squark mass fl'om 600 GeV to 1500 GeV. For large angle MSW solution. We find that the 
SUSY effects on ~:,( can be as large as the experimental vaiue if M~,R - O(lOl!) GeV. For small angle MSW 
solution, hl this case. SUSY contribution to ck: can be comparable to the experimental vaiue if first and t.hird 
~eneration neutrino mixing is non-z~ ero. Hence reactor experiments, e.g... the CHOOZ experiments, have important 
illrlplication to the CP violation in the K meson system for the small ang!e MSW solution. These results indicates 
that rhe experimental value ot~ ~:~ Parameter can be explained by the SUSY contribution. Hence it is important to 
consicier these e-ffects when we test unitarity of the CKM matrix. 
We also ca]culate SUSY contributions to K,_ - JT ~ ~ and e '/e. However. we find that the contributions are at most 
few c/(] of the SM contributions. Hence we can not see new phase efi'ects from lhe two processes. 
in this thesis we consider CP violation in K meson system in SUSY SU(5) models with the ri_*(Tht-handed 
neutrinoh~. We find that sh, can be severely a~i'fected by the SUSY contributions. This result have important 
implication on tesl of the CKM matrix structure. and the SM prediction of BI'(KL - Jr ~ ~ ). 
We illso find ~hat SUSY contribulions to K! ~ ;T :/ ~ and e'/E are very small. In near future new K meson 
experiments. e.g.. KOPIO and B factories (Belie. Babar) wili provide important information and we can probe this 
model more clearly. 
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 論文審査の結果の要旨
 超対称大統一一模型はLEPやSLCによるゲージ結合定数の精密測定から強く示唆されると共に,素粒子
 標準模型の階層性問題の解となり得る模型である。一方,スーパーカミオカンデ等の実験によりニュー
 トリノ振動という現象は確立しつつあり,その説明としては右巻きニュートリノを導入したシーソー機
 構が多く用いられる。従って,右巻きニュートリノを含む超対称大統一模型は素粒子標準模型の自然な
 拡張で,多くの研究者が興味を持って研究を行っている。
 小嶺信二は,このような模型にはCPを破る相互作用が新たに存在することに着目し,特にK中間子
 のCPの破れに関して研究を行った。右巻きニュートリノを含む超対称大統一一模型においては,標準模型
 には存在しない大きなCPの破れが生じる可能性がある。これは,大統…模型ではCPを破る新たな位相
 がニュートリノの湯川相互作用に新たに現れ,その影響がくりこみ群の効果によってソフトに超対称性
 を破る項に伝播することが主な原因である。小嶺はくりこみ群方程式を数値的に解くことによりこの効
 果を定量的に評価し,K中間子のCPの破れへの影響を調べた。特に,過去の研究では考慮されていなか
 った,ウィルソン係数への電弱相互作用からの効果と電弱スケール以下のQCD補正を取り入れて精密な
 計算を行った。
 この結果,K中間子のεパラメータに対する超対称模型からの寄与が,現在の実験値程度まで大きく
 なり得る事が示された。また,ピ/ε及びκ→π砂の分岐比に関しては,超対称模型からの寄与は標準模
 型での値に比べて10%以下である事が判明した。従って,K中間子を用いた右巻きニュートリノを含む
 超対称大統一模型の検証では,εパラメータヘの効果を調べるのが重要であることが結論された。この
 計算結果は従来のものに比べてより完全なものであり,小嶺の得た結果は,将来CPの破れの精密測定に
 よって右巻きニュートリノを含む超対称大統一模型を検証する可能性を与える重要なものである。,
 以」1から,小嶺信二が自立した研究活動を行うのに必要な研究能力と学識を持っていることは明らか
 である。従って小嶺信二提出の論文は,博士(理学)の学位論文として合格と認める。
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